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gas chromatography/positive chemical ionization/ 
mass spectrometry /mass spectrometry. Less 
volatile compounds are quantified by using elec- 
tron capture negative chemical ionization in a sin- 
gle stage mass spectrometry mode. This study 
required a modified approach to quality control 
material in that target values were obtained during 
the analysis of actual specimens. In addition, we 
have used a multivariate quality control procedure 
to obtain a single quality control chart that is repre- 
sentative of the 12 study analytes. The synthesis of 
the pure derivatives provided an ideal material in 
estimating recovery and diagnosing chromato- 
graphic problems. With the method's improved de- 
tection limits and specificity, we had an increased 
frequency of detection for several of the study ana- 
lytes compared with frequencies for previous stud- 
ies. 

Chemists have encountered significant analytical 
challenges in measuring 2,3,7,8-tetrachlorodibenzo- 
dioxin (TCDD) in tissue at the parts per trillion 
(ppt) level and measuring TCDD in serum at the 
parts per quadrillion (ppq) level. Such low levels of 
quantification can only be achieved by using high 
resolution mass spectrometry. The labor-intensive 
sample preparation activities have led to the appli- 
cation of automated procedures directed toward 
increasing sample throughput and optimizing use 
of the chemist's time. Such sample preparation re- 
quires a specialized approach to quality control, in- 
cluding the strategic placement of system blanks. 
Such low levels of quantitation require care in con- 
trolling artifacts and laboratory contamination. 
The reporting of quantitative results corrected for 
percent lipid in the samples permits the correlation 
of quantitative results between different sample 
matrices. The laboratory must be carefully orga- 
nized to insure sample coordination, monitoring of 
quality control, and timely reporting of results. Fi- 
nally, sample collection in the field has been chal- 
lenging, particularly in the case of adipose tissue. 

Interest in toxic chemical exposure will continue 
to challenge the analytical chemist to provide bet- 
ter laboratory measurements for assessing expo- 
sure. We are developing a method for quantifying a 
number of volatile organic compounds in human 
whole blood. Concerns about exposure to this class 
of compounds has led to controls and monitoring 
programs on drinking water systems, a major 
source of human exposure. Our method develop- 
ment has defined the analytical approach as a varia- 
tion on the traditional purge and trap technique. 
Work includes adapting instrumental hardware 



specifically for this sample matrix. Major chal- 
lenges include a short-lived quality control mate- 
rial, quality control for a significant number of 
"nondetects" and electronic data handling for the 
large number of samples involved. The overall ob- 
jective of this work is to estimate the presence of a 
number of important volatile compounds in whole 
blood for a specific population of 1200 people. The 
results of this study should make it possible to esti- 
mate the types and magnitude of exposure encoun- 
tered by the U.S. population. 
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Introduction 

It has been reported [1,2] that Jansson's Method 
[3] can be used to deconvolve severely overlapped 
gas chromatographic peaks. Initial testing [1,2] in- 
dicates the method will give improved perfor- 
mance over conventional graphical peak resolution 
techniques such as perpendicular drop and shoul- 
der quantitation [4,5]. 

Jansson's Method is an iterative non-linear al- 
gorithm that uses the prior knowledge of peak non- 
negativity and maximum peak height for an 
improved estimate of the true chromatogram [3], 
The method only requires a knowledge of the in- 
strument's impulse response function and maximum 
peak height. Jansson's Method does not require any 
prior information on how many peaks are over- 
lapped. 
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This paper will show the results of a comprehen- 
sive evaluation of Jansson's Method to resolve 
overlapped peaks that have been generated from 
two different sample mixtures. As a benchmark, 
these peaks were also resolved using shoulder 
quantitation and perpendicular drop techniques. As 
a second benchmark, these same sample mixtures 
were analyzed using an instrument with a rela- 
tively long column so that the peaks were fully 
resolved without using non-chemical peak resolv- 
ing methods. 



Theory 

A gas chromatographic process can be modeled 
as follows [1] 



reasonable statistical basis for the goodness of any 
one method. 

An instrument with a relatively short capillary 
column (10 meter) generated overlapped chro- 
matograms whose resolution was 0.42 and are 
shown in the dotted line plots of figures 1 and 2. 
These overlapped peaks were resolved using 
Jansson's Method, shoulder quantitation and per- 
pendicular drop techniques. The estimates obtained 
using Jansson's Method after 160 iterations are 
shown in the solid line plots of figures 1 and 2. 
Another set of chromatograms was generated us- 
ing an instrument with a longer (50 meter) and nar- 
rower capillary column so that the peaks generated 
were fully resolved. For each method, the relative 
errors, peak quantity variances and relative reten- 
tion time variances were calculated and are pre- 
sented in tables 1 to 3. 



g=h*x+n 



(1) 



where g is the observed peaks (raw data), h is the 
system impulse response function, x is the true peak 
shape, n is random noise and * is the convolution 
operator. Variables g, h, x, and n are all functions 
of time. It is assumed the system is time invariant. 
The convolution of functions x and h can cause the 
perfectly resolved peaks in x to become severely 
overlapped. 

Jansson's Method can be used to obtain an esti- 
mate of the true peak shape, x, (given functions g 
and h) as follows [3] 



\k+ 1 *k 



with 



x k +r{x k }[g-h*x k ] 



r{x k }=b(l-2/c\x k -c/2\) 



(2a) 



(2b) 



where x k is the Ar'th estimate of the true peak shape 
x, b is the relaxation constant, and c is the maxi- 
mum peak amplitude. Relaxation function r{x k } 
constrains the estimate to within its physical limits 
of and c. 



Experimental Procedure 

The chromatographic analysis was done on a 
Hewlett-Packard 5890A Gas Chromatograph with 
a thermal conductivity detector. Two mixtures 
consisting of 50/50 and 10/90 concentrations of 
ethyl benzene and m-xylene samples were used to 
generate the chromatograms. Each sample was in- 
jected and analyzed 20 times so there would be a 



Table 1. Relative error comparison for various peak resolving 
methods [2] 







Relative Error 






Sample 




Long 


Jansson's 


Shoulder 


Perpendic- 


concen- 




column a 


Method bc 


quantita- 


ular drop cd 


tration (%) 




(%) 


(%) 


tion c ' d (%) 


(%) 


ethyl benzene: 


50 


-0.04 


+0.08 


- 6.36 


-35.35 


m-xylene: 50 




+0.04 


-0.07 


+ 6.07 


+ 33.74 


ethyl benzene: 


10 


+ 2.01 


-4.68 


-33.26 


-78.67 


m-xylene: 90 




-0.20 


+ 0.46 


+ 3.27 


+ 7.72 



"Peaks were fully resolved without using non-chemical tech- 
niques. 

b 160 iterations used. 

c Original convolved peak had a resolution of 0.42. 
d Since the peaks were so severely overlapped, implementing 
this method required prior knowledge that two peaks were 
present and their approximate retention times. 



Table 2. Peak quantity variances for various peak resolving 
methods [2] 





Peak Quantity Variance 3 




Sample 


Long 


Jansson's 


Shoulder 


Perpendic- 


concen- 


column 


Method" 


quantita- 


ular drop 


tration(%) 






tion 




ethyl benzene: 


50 0.26 


0.31 


0.23 


10.09 


m-xylene: 50 


0.25 


0.29 


0.19 


4.66 


ethyl benzene: 


10 8.63 


3.39 


11.60 


19.05 


m-xylene: 90 


0.87 


0.32 


0.73 


0.37 



' Units are in percent standard deviation. 
b 160 iterations used. 
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Table 3. Relative retention time variance for various peak re- 
solving methods [2] 





Relative Retention Time Variance" 




Sample 


Long Jansson's Shoulder 


Perpendic- 


concen- 


column Method 6 quantita- 


cular drop 


tration (%) 


tion 





ethyl benzene: 50 
m-xylene: 50 

ethyl benzene: 10 
m-xylene: 90 



0.31 



4.33 



0.93 



2.57 



4.46 



3.54 



4.46 



3.54 



" Units are in percent standard deviation. 
b 160 iterations used. 



Results and Discussion 



As table 1 indicates, the quantitation accuracy of 
peaks resolved using Jansson's Method is similar to 
what can be obtained using an instrument with a 
relatively long column and is about an order of 
magnitude better than the graphical methods. The 
peak quantitation accuracies for the graphical 
methods are similar to what Mikkelson et al. [4] 
and Altmayer [5] have reported. The peak quantity 
and relative retention time variances reported in 
tables 2 and 3 indicate Jansson's Method compares 
favorably to the long column method and is better 
than the graphical methods. 

It should be noted that the overlapped peaks of 
figures 1 and 2 were overlapped to such a degree 
that it was almost impossible to implement the 
graphical methods since it was difficult to locate 
the peaks and valleys. 

For a peak resolution of 0.42, a 10 Hz sample 
rate and pre/post smoothing using a nine point 
polynomial filter, Jansson's Method could decon- 
volve data whose signal-to-noise ratio was as low 
as 60:1. However, the signal-to-noise performance 
of Jansson's Method will depend on the noise 
power spectral density, degree of peak overlap, 
data system sampling rate and whether the data is 
pre and/or post smoothed. To a lesser extent, the 
signal-to-noise performance will depend on the 
number of iterations and the relaxation constant 
chosen. 

In conclusion, Jansson's Method can be used to 
extend the capabilities of an instrument and 
provide faster analysis time. The initial results have 
been encouraging such that further research is 
justified. 
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Figure 1. Solid line plot is the chromatogram of the 50/50 mix- 
ture of ethyl benzene and m-xylene deconvolved using Jansson's 
Method with 160 iterations. Dotted line plot is the original 
chromatogram [2]. 
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Figure 2. Solid line plot is the chromatogram of the 10/90 mix- 
ture of ethyl benzene and m-xylene deconvolved using Jansson's 
Method with 160 iterations. Dotted line plot is the original 
chromatogram [2]. 
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